Glucocorticoid (GC) sensitivity depends on glucocorticoid receptor (GR) and heat shock proteins (Hsps). We investigated whether common GR genes (ER22/23EK, N363S, Bcl I, and 9β ) and adrenocorticotropin receptor promoter polymorphisms influence susceptibility for unilateral adrenal incidentaloma (AI), plus GR and Hsp expression in tumorous (n = 19), peritumorous (n = 13) and normal adrenocortical (n = 11) tissues. Patients (n = 112), population-matched controls (n = 100) and tumor tissues (n = 32) were genotyped for these polymorphisms. Postdexamethasone serum cortisol was higher in patients (p < 0.001). GR gene variants, larger allele of Bcl I (odds ratio [OR] 2.9; 95% confidence interval [CI] 1.7-5.1; p < 0.001] and minor allele of 9β (OR 3.0; 95% CI 1.6-5.7; p < 0.001) were independent predictors of AI. In patients, the first allele is linked with larger tumors (p = 0.002) and the latter with higher postdexamethasone cortisol levels (p = 0.025). Both allele carriers had lesser waist circumference (p = 0.02), similar adrenocorticotropin and higher basal (p = 0.024) and postdexamethasone cortisol concentrations (p < 0.001). Tumorous and constitutional genotypes were similar. GR-D is the major receptor isoform in normal adrenal cortex by Western blotting. Loss of other receptor isoforms, decrease in immunostaining for GR (p < 0.0001), underexpression of chaperones (p ≤ 0.01) and the presence of inducible Hsp70 were found in adenomas. In conclusion, GR gene variants, C allele of Bcl I and minor allele of 9β, are associated with AIs. Their concurrent presence in patients reduces GC sensitivity. Normal adrenal cortex preferentially expresses GR-D. In adenomas, the lack of other GR isoforms and underexpression of heat shock proteins perhaps permanently impair GC signaling, which could promote dysregulated cortisol production and tumor growth. The innate GC sensitivity probably modifies these effects.
INTRODUCTION
Adrenal tumors are common and reported in 3-7% of autopsy and radiological series (1) . Most of adrenal lesions found incidentally during imaging evaluation (so-called "incidentalomas" [AIs] ) in patients with no known malignancy are presumed to be benign adenomas. The prevalence of adrenal masses increases from 3% in middle-age patients to as much as 10% in the elderly (2) . Patients with functional adrenal tumors are offered surgery. The generally accepted recommendation regarding clinically nonfunctional masses is to excise lesions >6 cm, whereas masses <4 cm without suspect imaging are not generally resected (3). However, almost 10% of adrenocortical carcinomas lie within the size range of 3-5 cm (4). Most of adrenocortical masses are considered nonhypersecretory adenomas, although 5-25% of them secrete cortisol autonomously (5, 6) and high incidence of obesity, diabetes and hypertension is detected among patients with these tumors (6, 7) .
Considerable interindividual variations in glucocorticoid (GC) sensitivity depend on glucocorticoid receptor (GR) gene polymorphisms, as demonstrated by a variable suppressive response to 0.25 mg dexamethasone (8) . It is likely that GR provides feedback regulation of adrenocortical steroid production (9) . Additionally, functional characteristics of GR depend on receptor-associated proteins including several mammalian heat shock proteins (Hsps) (10) (11) (12) (13) . So far, few studies have attempted to characterize GR expression in benign adrenocortical tumors (14, 15) , whereas there is no information regarding Hsp synthesis in these tumors. Clinical presentation of patients with AIs could result from interaction between GC sensitivity determined by the hypothalamo-pituitary-adrenal (HPA) axis genotype and inappropriate cortisol secretion from an adrenocortical tumor.
We wanted to determine whether functional polymorphisms in GR and adrenocorticotropic hormone receptor (ACTHR) genes influence susceptibility for unilateral AI and GC sensitivity in these patients. We also investigate the expression of GR and molecular chaperons in the tissue samples of adrenocortical adenomas and corresponding adjacent and normal adrenal cortex.
MATERIALS AND METHODS

Study Subjects
The study group consisted of 116 consecutive Caucasian patients referred to our unit (Department of Endocrine Oncology) from 2006 to 2007 for the presence of unilateral and incidentally discovered adrenal mass. However, after the exclusion of four patients with proven adrenocortical carcinoma, 112 patients (83 women, age 25-80 years) entered the study. The following were criteria for study inclusion: (a) incidental discovery of an adrenal mass by radiological investigation performed for unrelated reasons; (b) the absence of symptoms and signs of endocrine/neuroendocrine disease and hypokalemia (≤3.5 mmol/L), except for hypertension, disturbed glucose tolerance and obesity; (c) no abnormalities in 17-hydoxyprogesterone, mineralocorticoid (upright plasma renin activity and aldosterone), androgen (plasma total testosterone, androstenedione and dehydroepiandrosterone-sulfate) or 24-h urinary catecholamine concentrations; and (d) radiological features of nonmalignancy. Diagnosis of adrenal mass was confirmed by high-resolution imaging techniques such as computerized tomography or magnetic resonance imaging in all patients.
To assess 24-h cortisol rhythm, determinations for morning cortisol at 0900 h and night cortisol at 2000 h and 2400 h were performed in all patients. Plasma concentration of adrenocorticotropin hormone (ACTH) was available for all patients; all patients underwent suppression testing with 1 mg overnight dexamethasone. Adrenocortical adenoma was found in 40 of 44 surgical patients and adrenocortical carcinoma in 4 of 44 surgical patients. Adenomatous tissue samples with or without surrounding adrenocortical tissue could be obtained from 32 of the 40 patients with adrenocortical adenoma. The control group consisted of 100 age-, sex-and body mass index (BMI)-matched healthy control subjects (65 women; age 28-76 years). They entered the study after the exclusion of the presence of adrenal mass by ultrasonography. All subjects gave informed written consent to participate in the study. Clinical characteristics of patients and control subjects are given in Table 1 .
Biochemical and Hormonal Analyses
Plasma glucose was determined by the glucose oxidase method (Beckman Glucose Auto-Analyzer, Fullerton, CA, USA). Serum cholesterol and triglycerides concentrations were measured by using commercial enzymatic methods.
Insulin concentration was determined by radioimmunoassay (RIA) (Institute for the Application of Nuclear Energy [INEP] , Zemun, Serbia); lower limit of sensitivity was 3.0 mU/L, whereas intraand interassay coefficients of variations (CVs) were <10.0%. Cortisol concentration was measured by RIA (CORT-CT2; CIS Bio International, Gif-Sur-Yvette Cedex, France). Minimum detectible concentration was 4.6 nmol/L; intra-and interassay CVs were 5.4% and 7.3%, respectively. ACTH was measured by immunoradiometric assay (CIS Bio International); sensitivity of the method was 5 pg/mL, with intra-and interassay CVs ranging from 3.1% to 8.9%.
DNA Extraction and Genotyping
Genomic DNA was extracted from peripheral blood leukocytes of patients and control subjects plus from the tumor tissue samples (n = 32) by using the proteinase K and phenol-chloroform technique.
Characterization of two GR gene polymorphisms, intronic BclI (rs41423247) and ER22/23EK (rs6189 and rs6190) in exon 2, was performed by polymerase chain reaction (PCR) with restriction fragment-length polymorphism (RFLP) analysis. The PCR fragments were digested with 4 U BclI or MnlI restriction enzyme (Fermentas UAB; Thermo Fisher Scientific, Vilnius, Lithuania). We used an allele-specific PCR method for the detection of N363S (rs6195) polymorphism in exon 2 of the GR gene. Products of this reaction were control fragment of 357 bp in each tube and a specific fragment of 306 bp in tubes where the allele corresponding to the specific primer (363M or 363W) was present. To detect the presence or absence of polymorphism within the transcription initiation site of the ACTHR promoter, we used PCR and RFLP reaction. PCR products were digested with 4 U SacI restriction enzyme (Fermentas UAB; Thermo Fisher Scientific). Fragments obtained by RFLP and allele-specific PCR were separated by 3.5% agarose gel electrophoresis and visualized by ethidium-bromide.
Single nucleotide polymorphism A3669G (rs6198) located in the 3′ end of exon 9β of GRβ was characterized by DNA sequencing after PCR amplification. Results 
Immunohistochemistry
A total of 19 paraffin-embedded adrenal cortical adenomas with 13 corresponding adjacent peritumoral tissue samples were studied by immunohistochemistry, and 11 frozen or formalin-fixed paraffinembedded, normal human adrenal tissues were used as positive controls in immunohistochemistry.
The GR immunoreactivity (GR-ir) was evaluated by using rabbit polyclonal antibody raised against a peptide mapping at the N-terminus of murine GR (GR M-20; 1:300; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and streptavidin-biotin complex method (DAKO-LSAB+/ Peroxidase Labeling kit, K0690; DAKO, Copenhagen, Denmark). The GR (M-20) antibody recognizes both α and β isoforms of human GR. The same technique of immunostaining was used with rabbit polyclonal antibody specifically raised against GRβ (PA3-514; Thermo Fisher Scientific Inc., Waltham, MA, USA).
Immunohistochemistry was performed on 5-μm serial sections from each specimen. After deparaffinization, the sections were heated for 2 min in a pressure cooker in 10 mmol/L citrate buffer (pH 6.0) for epitope retrieval. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide in methanol. After that, tissue sections were incubated with anti-GR antibody (60 min, room temperature), washed with phosphatebuffered saline (pH 7.4) and incubated with biotinylated anti-mouse, anti-rabbit and anti-goat immunoglobulins for 30 min and with peroxidase-conjugated streptavidin-biotin for another 30 min. Antigen-antibody complexes were visualized with 3,3′-diamino-benzidine substrate solution (Liquid DAB+ Substrate Chromogen System, ready-to-use, K3468; DAKO Cytomation). Finally, the cell nuclei were counterstained with Mayer's hematoxylin. Both omission of the primary antiserum and replacement of the first layer of antibody by specific blocking peptide (Santa Cruz, sc-1004P) were used as negative controls.
Quantification of nuclear and cytoplasmic GR expression was performed by using Analysis Pro 3.2 software. Immunoreactive cells were counted in five representative zones of each specimen of cortical adenoma, peritumoral and normal adrenocortical tissue. The results were expressed as a number of positive per 1,000 cells and as an intensity of immunostaining (weak 1+, moderate 2+ and strong 3+). Total score of immunostaining intensity was obtained by assessing 1,000 cells for each category of intensity. Only the cells with intensive immunostaining of nuclei and cytoplasm were considered positive. The range of counted cells in different zones was 529 to 1,086 in cortical adenomas, 500 to 963 in peritumoral area and 1,117 to 1,403 in normal cortex.
Western Blot Analysis
Tumor, peritumorous and normal adrenocortical tissue lysates were prepared by homogenization of fresh, frozen tissue samples in lysis buffer containing 0.1% Triton X-100 (Sigma-Aldrich, St. Louis, MO, USA) and triple protease inhibitor (Roche Applied Science, Mannheim, Germany). The samples were Data are means ± standard deviation (SD).
denatured (70°C for 10 min) before electrophoresis on precast 4-12% Bis-Tris gels (Invitrogen; Life Technologies). Separated proteins were transferred to Hybond ECL nitrocellulose membranes (GE Healthcare, Piscataway, NJ, USA). The membranes were washed in Tris-buffered saline with 0.1% Tween 20 (TBST) and subsequently blocked in TBST containing 5% (wt/vol) nonfat dry milk powder for 1 h at room temperature. Blots were then probed with GR (clone 4H2, NCL-GCR; Novocastra; Leica Biosystems Newcastle Ltd, Newcastle upon Tyne, UK) at 1:100 overnight at 4°C. After washing in TBST, the blots were probed with peroxidaseconjugated goat anti-mouse secondary antibody (1:5,000) for 1 h at room temperature. The Amersham ECL Plus Western blotting detection reagents (GE Healthcare) were used to visualize the detected proteins. Protein loading was normalized to β-actin by AC-15 antibody (SigmaAldrich). Protein lysates were derived from MCF-7 cells, and human lymphocytes served as positive controls for GR expression.
For determination of Hsp70 and Hsp90 concentrations in tissue lysates, proteins were separated by 4-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and electrotransferred to nitrocellulose membranes, and the membranes were incubated with SPA-820 (Stressgen) and CA (SC-13119) (Santa Cruz Biotechnology) primary antibodies, respectively. After visualization of the immunoreactive bands, the membranes were stripped with 0.2 mol/L NaOH, blocked and probed for β-actin by AC-15 antibody (Sigma-Aldrich).
Densitometry
Immunoreactive bands were visualized by an enhanced chemifluorescence reaction (ECF) (Amersham Pharmacia Biotech, Little Chalfont, Amersham, UK) and their relative optical densities were measured by the STORM scanner (Amersham). Quantitative analysis was done by ImageQuant software. β-Actin was used as an equal load control.
Statistics
We used the homeostasis model assessment-insulin resistance (HOMA-IR) to assess insulin resistance (16) 
RESULTS
Clinical Characteristics of Patients and Control Subjects
Anthropometric and biochemical characteristics of patients and control subjects are presented in Table 1 . Although there was no difference in waist circumference between patients and controls, values >88 cm for women and >102 cm for men were significantly more frequent among patients. They also had higher values of Genotyping Table 2 includes the frequency of different alleles in the tested populations. We identified three BclI sites around exon 2 of the GR gene: one in intron 1 and two in intron 2. The polymorphic site in intron 2 (647 bp from the exon/ intron junction) produced the fragment sizes of 3.9 kb in the absence and 2.2 kb in the presence of the BclI site. Sequence analysis confirmed G-to-C transition 646 bp downstream of exon 2, which abolished the BclI restriction site (TGATCA → TCATCA) as reported previously (18) . The obtained fragment sizes (3.9 and 2.2 kb) were slightly different from those originally reported (4.5 kb and 2.2 kb) (19) . The frequency of larger C allele carriers of the BclI polymorphism and the prevalence of a naturally occurring ATTTA to GTTTA single nucleotide polymorphism located in the 3′ end of exon 9β in the GR gene were significantly higher among patients than in control subjects. These two alleles of the GR gene are in linkage disequilibrium (D′ = 0.172). There was no difference in the frequencies of N363S and ER22/23EK gene variants of GR between patients and controls. We did not detect homozygous individuals for N363S and ER22/ 23EK polymorphisms in the GR gene in studied subjects. There was no difference in the frequency of the ACTHR gene promoter polymorphism between patients and controls. Carriers of the C allele of BclI or minor allele of the 9β GR gene polymorphisms are at higher risk to develop AI (Table 2 ). Identical genotypes of GR and ACTHR were obtained from the tumorous and constitutive DNA. 
Relationship Between Gene Variants and Phenotypes
GR gene polymorphisms that were present with higher frequency among patients and their effects on clinical characteristics are presented in Table 3 . Because of the small number of subjects homozygous for all assessed GR and ACTHR gene polymorphisms, these cases were merged with the heterozygotes to compare carriers with noncarriers. Carriers of the C allele of the BclI gene variant had larger tumors; however, attendance of the 3669G polymorphism apparently attenuates the effect on tumor size (Table 4) . Patients carrying the minor G allele of the 9β polymorphism had lower values of BMI, fasting glucose and post-Dex cortisol concentration compared to noncarriers, indicating lower sensitivity to GCs. These patients also tended to have higher basal cortisol levels and lower waist circumferences, but these levels did not reach statistical significance. This effect of 9β polymorphism is potentiated by the presence of the C allele of the BclI polymorphism, since patients carrying both of these alleles at the same time had significantly higher concentrations of morning and post-Dex cortisol concentrations for the same ACTH level, as well as lower values of waist circumference and BMI compared to noncarriers (see Table 4 ). In carriers of these two polymorphisms, post-Dex cortisol concentration was in negative correlation with BMI (r = -0.64; p = 0.002), waist circumference (r = -0.63; p = 0.003) and ACTH concentration (r = -0.43; p = 0.049), whereas glycemia correlated with BMI and waist girth (r = 0.44; p = 0.047 for both), systolic and diastolic blood pressure (r = 0.50; p = 0.022 and r = 0.57; p = 0.007) and basal insulin (r = 0.44; p = 0.048). Basal insulin was in positive association with post-Dex cortisol concentration (r = 0.28; p = 0.009) and glycemia (r = 0.32; p = 0.003), whereas systolic blood pressure correlated only with glycemia (r = 0.28; p = 0.009) in patients noncarriers of the two alleles.
Regional and Intracellular Distribution of GR
GR-ir was moderately expressed in the adrenal cortex of the normal human adrenal gland, with the strongest staining within the zona reticularis (Figure 2A ) using an antibody that recognizes both isoforms of the receptor protein (anti-GRα/β) and in zona glomerulosa when anti-GRβ was applied ( Figure 2B ). Immunoreactivity for both isoforms of GR was present in adenomatous and periadenomatous tissue (Figures 2C, F) . Cellular localization of the GR in examined tissues was nuclear and cytoplasmic. The number of immunostained cells was significantly lower in adenomatous tissue than in normal adrenal cortex (Figure 3A) . Total immunostaining score for GR was reduced in examined adrenocortical adenomas compared with control adrenal cortex or peritumorous tissue, regardless of antibody used ( Figure 3B) ; this result is in line with lower expression of both α and β isoforms of the receptor protein in these tumors. A decrease in total immunostaining score in peritumorous tissue was obtained with anti-GRα/β, but not with anti-GRβ, suggesting underexpression only of GRα in peritumorous tissue. This result was confirmed with reduced nuclear ( Figure 3C ) and cytoplasmic ( Figure 3D ) scores, which follow a similar pattern of total immunostaining score, suggesting underexpression of both GRα and GRβ in tumorous tissue, but only GRα in peritumorous tissue. Nuclear score was significantly higher than cytoplasmic for GRβ in all examined tissues confirming dominant nuclear localization of GRβ.
Western Blot Analysis: GR and Heat Shock Proteins
Western blot analysis of GR isoforms in lysates of normal human adrenal cortex, periadenomatous and adenomatous tissues revealed dominant and similar expression of the 53-to 56-kDa receptor protein. Other N-terminal isoforms of GR were detected only in nontumorous tissue, and these isoforms lacked 17 of 19 analyzed tumorous tissues (Figure 4) . The 73-kDa constitutive heat shock cognate protein (Hsc70) and Hsp90 were detected in tumorous, peritumorous and normal adrenocortical tissues ( Figures 5A, C) , but the stress-inducible 72-kDa Hsp70 was expressed only in the tumor tissue (Figure 5A) . The expression of Hsp70 and Hsp90 in peritumorous and tumorous tissues were reduced in comparison to normal adrenal cortex (Figures 5B, D) .
DISCUSSION
We have shown that GR gene variants associated with unilateral AI in a Serbian Caucasian population also reduce sensitivity to GCs. For the first time, we show that normal human adrenal cortex, among multiple N-terminal isoforms of GR, preferentially expresses GR-D. The vast majority of AIs are adrenocortical adenomas characterized by the absence of other receptor isoforms except GR-D accompanied by reduced expression of molecular chaperones. Genotypes of GR and ACTHR from these tumors and constitutional DNA were alike.
In the present study, the majority of patients were women in the sixth decade of life. Although both patients and control subjects had similar morning cortisol, basal insulin and BMI values, only patients were showing increased visceral fat and higher blood glucose concentration and blood pressure, suggesting the coexistence of insulin resistance and metabolic syndrome (6, 7) . The relationship between cortisol action, visceral fat, insulin resistance and hypertension in simple obesity, which can be reminiscent of exposure to chronic stress, was demonstrated previously (20, 21) . Circulating cortisol may not reflect its activity in target tissues. Increased visceral fat in our patients could be related to 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) activity, which converts inactive circulating 11-keto steroids into active GCs, amplifying local GC action. Overexpression of 11β-HSD1 in all adipose tissues of transgenic mice and visceral adipose expanding are related to increased expression of GRα (22) . The decrease in immunostaining score in peritumorous tissue was detected only when anti-GRα/β was applied, suggesting GRα underexpression. Nuclear (C) and cytoplasmic (D) scores follow similar pattern of total immunostaining intensity score; GRβ is predominantly located within nuclei of all examined tissues. *p < 0.001 versus normal or adjacent tissue and normal or adenomatous tissue.
Higher blood pressure in patients could be linked with increased portal-venous supply of free fatty acids or other adipokines from visceral fat due to insulin resistance, which activate sympathetic system and serve as a secretagogue for aldosterone (23) .
In our study, higher post-Dex cortisol levels were found in patients, while polymorphisms of the GR gene, larger allele of BclI or minor allele of 9β, were associated with the predisposition to develop AI. The first gene variant also influences tumor size, whereas the 9β polymorphism reduces the ability of dexamethasone to suppress cortisol, indicating its effect on GC sensitivity in patients. Along with their increased presence in patients, we also demonstrated association of the two alleles with anthropometric, endocrine and metabolic characteristics of patients. GC resistance is potentiated by the larger C allele of BclI polymorphism, since patients/ carriers of both alleles had similar ACTH, higher morning and post-Dex cortisol concentrations and lower waist circumference and BMI values than noncarriers. Higher cortisol concentrations in these patients possibly result from the interaction between autonomous cortisol secretion from adrenal tumors and HPA axis genotype associated with reduced sensitivity to GCs at the same time. Various studies report that subjects carrying a larger allele of BclI polymorphism of GR gene have increased visceral obesity, higher systolic blood pressure, elevated cortisol concentrations after a standardized meal, reduced ability of 0.25 and 1.0 mg dexamethasone to suppress cortisol in elderly and elevated fasting insulin concentrations in obese perimenopausal women. On the contrary, the minor G allele is associated with lower cortisol after dexamethasone suppression and a tendency to lower lean body mass in the elderly, a higher blood pressure with adverse lipid profile in obese and an increased skeletal sensitivity to GCs in patients with AIs, as well as in individuals with endogenous GC excess (24) (25) (26) (27) (28) (29) (30) . It has been shown that the 3669G allele of the GR gene polymorphism, located in an AUUUA motif of the 3′UTR (untranslated region) of exon 9β, is associated with a more favorable metabolic profile due to a greater stability of GRβ mRNA and increased synthesis of GRβ, which antagonize the action of hGRα (31) (32) (33) . Our data suggest the functional importance of BclI alleles in linkage disequilibrium with other GR genetic variants (that is, C allele of BclI seems to enhance the effects of the minor allele of the 9β gene variant on GC sensitivity). Although the BclI polymorphism is intronic, its effect on GR gene activity may be indirect through selective effects on repressor or enhancer sites within the gene promoter. By interacting with either repressor or enhancer sites, GC sensitivity would be decreased or increased (34) . There was no difference in the prevalence of the ACTHR promoter polymorphism or N363S and ER22/23EK gene variants of GR between patients and control subjects, although the last variant was associated with GC insensitivity (35) . The existence of a specific link between GR genotypes and HPA axis-related phenotypes in patients suggests that innate GC sensitivity could be either a protective or vulnerability factor to cortisol actions.
Genotypes of GR obtained from tumorous and constitutional DNA samples were similar. We have shown dominant expression of GR isoforms corresponding to GR-D in normal adrenal cortex; however, other N-terminal isoforms were also present. This was not the case with majority of tumorous samples in which only the GR-D isoform was found by Western blotting. In vitro, the GRα-D exhibits weak transcriptional activity on a synthetic GREdriven promoter compared to GRα-A. It resides primarily in the nucleus, irrespective of the presence or absence of ligand (36, 37) . Because GRα and GRβ mRNA differs only on their 3′ ends, it was proposed that multiple N-terminal isoforms may also exist for GRβ (38) . Thus, dominant expression of the GR-D isoform seems to be tissue specific, and it could be responsible for the physiological resistance of adrenal cortex to GCs (39) , since GR provides feedback regulation of adrenocortical steroid production (9) . Selective expression of GR-D and the absence of other receptor isoforms in tumorous tissue are in line with reduced immunoreactivity for GR. Nuclear localization of GRβ in all examined tissues possibly indicates its active role in decreasing GRα transcriptional activity (33) . Reduced synthesis of heat shock proteins within these tissues during surgery may be due to the impaired ability of anesthetics to activate and/or increase the ability of GR to inhibit heat shock transcription factor-1 (40, 41) . Our results are consistent with reports demonstrating GR in normal adrenal cortex of different species (42) (43) (44) (45) (46) (47) (48) , the absence of GR mRNA and dexamethasone binding sites and reduced GR protein expression in cortisol-secreting adenomas and bilateral adrenal hyperplasia (14, 48, 49) . However, overexpression of GR in benign cortisol-secreting adenomas and adrenocortical carcinomas have been shown as well (15, 50) , possibly reflecting different pathogenesis of these tumors. Altogether, our results suggest three independent mechanisms of GC resistance in clinically nonfunctioning adrenocortical adenomas exist: the constitutionally reduced sensitivity to GCs, selective expression of GR-D isoform and the decrease of Hsp synthesis (51, 52) . The first two mechanisms may operate in the normal adrenal cortex.
The inability of GR-D to downregulate the expression of GC-controlled prosurvival genes possibly influences the growth of adenoma (54, 55) , and this result could be potentiated by the lack of other N-terminal isoforms of receptors in adenomatous tissue. It appears that the observed effect of the C allele of the BclI polymorphism on tumor size cannot be mediated through tumorous GR, whereas the effect of 9β polymorphism of the GR gene on sensitivity to GCs can be obtained in tumorous and nontumorous tissues. Whether the loss of GC sensitivity might be the primary event in the pathogenesis of these tumors has yet to be elucidated (49) .
CONCLUSION
GR gene variants C allele of BclI and minor allele of 9β are associated with unilateral AIs. These alleles, especially when present together, reduce sensitivity to GCs. Preferential expression of GR-D in normal adrenal cortex could mediate physiological resistance to GCs of the tissue. In adenomas, the absence of other isofoms except GR-D and underexpression of heat shock proteins perhaps permanently impair GC signaling. The acquired intraadenomatous GC resistance could promote dysregulated cortisol production and tumor growth at the same time, whereas the innate sensitivity to GCs probably modifies these effects.
